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【論文の内容の要約】 
Disturbance decreases the source of the resilience (i.e., seeds/propagules in soil that many 
plants largely rely on for above ground recovery from disturbance), and thus could increase the 
possibility to make the impact of subsequent disturbance larger than the degree of resilience of the 
population. Disturbance is classified into two types based on the continuity of the disturbance; 
pulse-type disturbance and press-type disturbance. Former (e.g., fire, hurricane and flooding) is a 
disturbance that occurs in a relatively discrete time period. By contrast, latter (e.g., grazing and 
land-use change) is defined as a more gradual or cumulative pressure on population than the 
pulse-type one. Given its continuous impact on population, the press-type disturbance is more likely 
to decrease the source of resilience than pulse-type disturbances. However, mechanistic 
understandings on how the press-type disturbance impacts on the source of resilience are largely 
limited. The aim of this thesis was to elucidate the processes on the impact of deer grazing, a typical 
press-type disturbance, on seeds in seed banks, the major sources of resilience of plant population. 
To attain this aim, I focused on three processes that determine the presence of seeds in seed bank; 
seed recruitment, seed persistence, and germination. I explored the following three questions related 
to the processes; (1) does deer grazing alter seed quality?, (2) does the number of seeds in seed bank 
decrease along with duration of deer grazing?, (3) does co-occurrence of deer grazing and canopy 
gap creation enhance decrease in occurrence of seeds in the seed bank?  
To answer the first question, I examined whether exposure to deer grazing changed the seed 
quality by comparing seed weight, length and germination rate between exclosures and grazed plots 
in a highland meadow in Kirigamine and Kurumayama situated in Nagano, central Japan. I measured 
the weight and length of 89 seeds of Hemerocallis dumortieri var. esculenta and 67 seeds of 
Geranium yesoense var. nipponicum. I also measured the germination rate of these seeds with a 
germination experiment in a growth chamber. To examine whether deer grazing affects on seed 
weight, length and germination rate, I developed GLMM in which the weight, length of seeds or 
germinated/not germinated in the three months were explained by the presence/absence of deer 
grazing. The seed length and weight both decreased by deer grazing to a magnitude of 75-83% and 
65-88%, respectively. Whereas, germination rate became 200-900% by deer grazing. The reduction 
in seed length and weight provided a novel insight on the impact of deer grazing on population 
dynamics, because seed size and mass are related to seed longevity in the seed bank, and thus 
negatively impacts the seed bank. High germination rate would also result in reduction of seeds 
recruit to permanent seed bank.  
To answer the second question, I showed the decrease in plant occurrence along a gradient of 
deer grazing duration. I conducted plant survey and germination experiment among three deer 
grazing duration settings (i.e. 0, 20, 32 years) in 24 quadrats (1 × 1 m) in total in Nakajima Island 
situated in the middle of Lake Toya, Hokkaido, Northern Japan. I compared the occurrence of seeds 
in soil seed bank with GLMM in which the presence/absence of plant species in each quadrat was 
explained by grazing duration, appearance location (aboveground or seed banks), and their 
interaction. In places where deer grazing lasted for 32 years, the seed occurrence became 
approximately 40% less than where duration lasted for 20 years. The seed density in seed bank 
consequently decreases over time because of species loss caused by germination and death. In 
addition, continuous deer grazing decreased the presence of seeds in seed bank presumably by 
promoting germination and restricting reproduction.  
To answer the last question, I showed that gap creation enhanced the deer-grazing-induced 
decrease of seeds in seed bank by investigating a change in the impact of ungulate grazing on the 
occurrence probability of plant species along a canopy openness gradient. I conducted plant survey 
and germination experiment in total of 40 quadrates which have various canopy openness in grazing 
plots and exclosures in Nakajima Island. I also measured canopy openness and slope gradient of 
each quadrat. In statistical analysis, I developed a Bayesian generalized liner mixed model in which 
the presence/absence of each species in a quadrat is explained by the presence/absence of ungulates, 
canopy openness, and their interaction as well as slope gradient. Then I compared the occurrence 
probability of a plant species in an exclosure versus grazing plot along every 1% of the canopy 
openness gradient. The reduction of the presence of seed in the seed bank under a large canopy gap 
was nearly six-fold at maximum compared with that under a closed canopy.  
All the processes focused in this thesis are considered as peculiar to press-type disturbance. 
Because deer grazing continuously impacts on plant population, the high germination rate and 
facilitation of germination from seed bank will both expose emerged seedlings to deer grazing in the 
subsequent growing season. These contrasts with the impact of pulse-type disturbance that generally 
enhances population regeneration by inducing high germination rate and facilitating germination 
from the seed bank. In a similar vein, plants cannot reproduce seeds sufficiently for decades under 
continuous deer grazing and thus have little chance to develop the seed bank. Therefore, 
characteristic of deer grazing as a press-type disturbance should be bear in mind to understand the 
impact of deer grazing on plant population. 
The distribution of deer is expanding and is predicted to continue to expand in the future. The 
evaluation on the source of resilience of plant population is indispensable not only to predict plant 
population changes but also to conserve the population before locally extinct. Consideration on these 
processes that alter the amount of source of resilience would provide some clues, such as the timing 
to start conservation or the place to conserve, to ensure persistence of plant population. 
 
